1. introduction The skutterudite-type (CoAs3-type) structure is a cubic structure with the space group Im3 composed of eight cor ner-shared TX6 octahedra.1) The linked octahedra produce a void at the center of the (TX6)8 cluster and this void (vacant site) occupies a body-centered position of the cubic lattice. This void is large enough to accommodate large metal atoms such as Ba and lanthanoids, resulting in the for mation of "filled-skutterudite" structures with the general formula MT4X12 (M=Ba, Ln; T=Fe, Ru, Os; X=P, As, Sb.2)-5)
Both skutterudite-type TX3 and filled-skutterudite-type MT4X12 are transition metal pnictides (phosphides, ar senides, and antionides); the former are compounds of Group 9 elements (T=Co, Rh, Ir), while the latter are com pounds of Group 8 elements (T=Fe, Ru, Os) in the periodic table. This difference is well explained by the classical va lence theory,6)-8) i.e., the Group-8-based skutterudite frame works are electron deficient relative to the Group 9 skut terudites and the introduction of an M atom into the Group-8 -based skutterudite frameworks compensates the electron deficiency. 8) Recently, these compounds have been highlighted as ter moelectric conversion materials with high conversion efficiency.9)-14) Various attempts have been made to achieve a high thermoelectric conversion efficiency, including dop ing by partial substitution, formation of ternary phases, and reducing thermal conductivity by filling voids (filled skut terudite). In the filled skutterudite phase, MT4X12, loosely bound M atoms have unusually large thermal vibration am plitudes. Consequently, a considerable reduction in thermal conductivity is expected by strong phonon scattering (rat tling effect).
Due to the limitation of structural stability by the elec tronic factor, atom insertion into TX3 (T=Group 9 transi tion element) skutterudite is very difficult. For example, the filling fraction of Ce in the CoSb3 host lattice is less than 10%.15),16) Substitution of Fe for Co site, i.e., the formation of CeyFe4-xCoxSb12 solid solution, is required to achieve a high Ce filling fraction.15), 16) A high-pressure condition is effective for atom insertion The interatomic distances and bond angles are listed in Table 2 . The Sn-Sb distance (>0.336nm) is fairly long as compared with the sum of the bond radii (0.319nm for metallic, 0.281nm for covalent bonds). This indicates that the Sn atom is loosely bonded to surrounding Sb atoms. Fig. 4 .
Observed, calculated, and difference X-ray diffraction pro files for SnCo4Sb12. Figure 5 shows the degree of elongation for some selected interatomic distances. It is clear that the expansion of the CoSb3 host lattice (0.56% and 0.94% for x=0.5 and 1.0, respectively) upon Sn insertion is mainly caused by elonga tions of the nearest and 2nd-nearest Sb-Sb bonds. Here, the nearest and 2nd-nearest Sb-Sb bonds are between two adja cent CoSb6 octahedra while the 3rd-nearest Sb-Sb bond is the edge length of the CoSb6 octahedron.
These results indi cate that the incorporated Sn atom enlarges the void space of the CoSb3 host lattice, as shown in Fig. 6 . Such elongation is mainly induced by the large thermal vibration of the Sn atom. 
Conclusions
In the present study, Sn atom insertion in the CoSb3 host lattice was performed and the formation of a filled-skutterudite-type compound was confirmed. The reaction was favored by applying pressure, suggesting a possible applica tion of a high-pressure technique to other intercalation reac tion systems such as clathrate compounds. Two major ef fects arose due to void filling: (1) Doping of the host lattice, and (2) reduction of the lat tice thermal conductivity due to a large thermal vibration amplitude.
The thermoelectric properties, especially thermal conduc tivity, of the Sn-filled CoSb3 (SnxCo4Sb12) is an issue of con cern. It is worthwhile to evaluate the correlation between the lattice thermal conductivity and the atomic displace ment parameter of Sn atoms as a function of temperature. Such a study is now in progress and will be reported in the near future.
